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(54) Controlled light emission 

(57) In a step-and-repeat process for 
xposing a wafer 2 to light through a 
mask 11, using light from a short-arc 
mercury-vapour lamp 1 in a 
continuously lit state, exposure being 
effected while the power consumption 
of the lamp is at a high level with 
shutter 4 open and shifting of wafer 2 
being effected while the power 
consumption of the lamp is at a low 
lev I with shutter 4 closed, the high 
level power consumption of the lamp is 
gradually increased to compensate for 
a gradually reducing light output. The 
increase may be effected on the basis of 
experience or by using a photosensor. 
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SPECIFICATION 

Method of exposing a semiconductor wafer to light from a mercury-vapor lamp 

5 This invention relates to a method of exposing a semiconductor wafer to light from a mercury-vapor 5 
lamp. 

Upon fabrication of a semiconductor device such as an integrated circuit, large-scale integrated circuit, 
super large-scale integrated circuit or the like, a photofabrication process is carried out. For example, in 
order to remove portions of a silicon oxide film formed on a surface of a substrate, which is for example 

10 a silicon wafer, a photofabrication process is carried out in accordance with an image pattern such as a 10 
circuit pattern. This photofabrication process includes such steps that a photoresist film is formed over 
the silicon oxide film on the silicon substrate and the photoresist film is then exposed to ultraviolet rays 
through a photomask having a pattern image. After exposure, the photoresist film is developed and the 
silicon oxide film is then subjected to an etching treatment. Thereafter, a circuit-forming treatment such 

15 as diffusion, ion implantation or the like is applied to the silicon substrate through the thus-etched silicon 15 
oxide film. 

A semiconductor wafer is generally circular with its surface area supposed to be divided into minute 
square sections arranged in rows and columns. These minute sections will each be cut afterwards to 
form chips which will be semiconductor devices respectively. A sheet of semiconductor wafer is gener- 

20 ally 3 inches, 5 inches or 6 inches across. The sizes of such semiconductor wafers tend to increase, cou- 20 
pled with progresses in their fabrication technology. 

A high out-put mercury-vapor lamp is virtually indispensable in order to expose the entire surface of a 
semiconductor wafer simultaneously so that all the minute sections, which will individually be formed 
into chips, are printed at once. Use of such a. high-output mercury-vapor lamp is however accompanied 

25 by such problems that it renders an exposure system in which the lamp assembly is large and a consid- 25 
erably high degree of technique is required for the uniformity of illuminance on the surface of the semi- 
conductor wafer. Consequently, it is very difficult to meet the tendency of enlargement of semiconductor 
wafers practically. 

With the foregoing in view, it has recently been proposed to expose minute sections, which are ar- 
30 ranged in rows and columns on a semiconductor wafer, one after another successively so that pattern 30 
images are printed successively and respectively on the minute sections. In such a stepwise exposure 
method, it is the practice to expose an area equivalent to only one of the minute sections in each expo- 
sure operation. Therefore, the stepwise exposure method permits the use of a low-output mercury-lamp, 
thereby bringing about such substantial advantages that an exposure system employed would have been 
35 reduced in size and the illuminance can be readily made uniform on the surface of each semiconductor 35 
wafer because the area of each exposure is small. As a result, a pattern image can be printed with a high 
degree of accuracy. 

A mercury-vapor lamp cannot however be repeatedly turned on and off in a short cycle because the 
enclosed mercury vapor undergoes condensation while the lamp is turned off. It is therefore advanta- 

40 geous to cause a mercury-vapor lamp to light repeatedly and alternately at a low power consumption 40 
level and at a high power consumption level while maintaining the mercury-vapor lamp in a continu- 
ously-lit state, to expose a minute section of a semiconductor wafer, which minute section has assumed 
an exposure position, to the light from the mercury-vapor lamp when the mercury-vapor lamp is lit at the 
high power consumption level, and when the mercury-vapor lamp is lit at the low power consumption 

45 level, to shift the semiconductor wafer semiconductor wafer, which another minute section is to be sub- 45 
jected to next exposure, is allowed to assume the exposure position, while the light from the mercury- 
vapor lamp is cut off by means of a shutter. The above method can provide a required level of light 
quantity at the high power consumption level and at the same time, keeps the mercury-vapor lamp in its 
lit state at the low power consumption level while avoiding wasting of electric power. 

50 In such a stepwise exposure method, the light of the mercury-vapor lamp is not utilized while the shut- 50 
ter is closed, resulting in such drawbacks that a lot of electricity is still wasted and the shutter is suscepti- 
ble to considerable damage due to its exposure to the high-energy light. The shutter is required to 
operate quick, because if its opening or closing motion should be slow, non-uniform exposure of a semi- 
conductor wafer due to such a slow opening or closing motion of the shutter becomes a problem. In 

55 order to meet this requirement, it is indispensable that the shutter has a light weight. However, a light- 55 
weight shutter will inevitably result in poor heat resistance. As a result, such a light-weight shutter tends 
to undergo deformation due to heat which is built up while shielding the light and hence to develop a 
malfunction which impairs its smooth opening and closing operation. 
With the foregoing in view, it may be contemplated to light, during each closure period of the shutter, 

60 the mercury-vapor lamp with a power consumption smaller than its power consumption during the expo- 60 
sur time, i.e., while the shutter is kept open. 

Such an exposure method has however been found to involve a new problem. Namely, when the 
power consumption of the mercury-vapor lamp is varied at a short time interval to conduct the exposure 
treatment of the semiconductor wafer at a high speed while keeping the mercury-vapor lamp lit continu- 

65 ously, its electrodes are subjected to severe wear and the quantity of light radiated from the mercury- 65 



3NSDOCID: <GB 2161283A_I_> 



4/4 



2161283 



FIG. 5 




3 



BNSDOCID: <G8. 



.2161283A_I _> 



GB 2 161 283 A 



vapor lampis thus graduaily^^^^ 
o^e^ 

the foregoing in view, the present mven ^ n ^*°SS th. wearing of the electrodes of 
5 ing a semiconductor wafer by ^ercury-vapor , which exp0 sure method .. capa- 

5 exposure method of a semiconductor wafer by a * x] of light radiated by the wBrair^ 

"^T ^ « 3 timS mterVal ' StablY 

To^cfo? this^ention. there is according prided jjnjjhodl^ ^^S^SS 
10 ZZ m T^Ls of a semiconductor wafe ,r success, ^W^**^ .amp is at a high 

in Mart-level steps, during each of wh.ch the P™^ 00 *"™? Deate dly alternating each of the high-level 
eve' by continuously lighting the ^^^^e mercury-vapor lamp is at a low 

steps and a low-level step during wh.ch the P^^Je gradually increasing the power consumpt.on 

2 the same time, to avoid possible to™*"*^^ oi the present invention will become apparent 
The above and other objects J^J^^^ In conjunction with the accompanying 
from the following description and the appenoea i. 



drawings. 



10 



15 



20 



25 



30 



35 



30 



35 



65 

BNSDOCID- <GB 21612B3A„1_> 



, ,s . Plan View - . — -» — « — °< M ™, 8 

" Th. invention w,„ hereinafter by described in d^ wUh ^"SitS 
Fof Sng a P»t»rn image bv ultraviolet rays '"?"° h * ^""" n d ™|.ctlon system as depicted for 40 
„ ploy.d'an exposure system having such an ;£^, M *^ "^.pc, lamp which is an expo.- 
example in Figure 1. In Figure 1. numeral 1 ' n ™a"V l , ^stalled at such a position that ,ts arc is located 
f™ Kgh, source. This short-arc mercury-vapor amp 1 » ^stalled at s P ^ ^ ^ 

semiconductor wafer 2, *«*to ;2rS*d* ratio of 1/10-1/6. Designated by nu- 
50 TeT* VI Zm^erL numeral 9 indicates a filter. mgnner ,„ tne system 

!n the present invention, a semiconductor wa fen exposed £»e wu° 9 1 buj|t jn g |igM _ focusiri g 
shown ^Figure 1. e.ectric power is ^j^^2^, to maintaining the above ^ state 
mirror 5, so that the mercury-vapor lamp 1 n W = co"J"" u Y h contro „ e d by an operation control circuit 
55 the electric power to be fed to the mercury-vapo lamp 1 ^ |e jn Figure 2 . Accord- 

3 so S the electric power takes the bas.c waveform .«ust rated by V periodically and repeatedly 
fngW the power consumption level of the m ^ZX D o^ consumption of the mercury-vapor lamp 1 
between a high level, namely. Step A during wh.ch , the P° we ^ c ° P Qf tne mercU ry-vapor lamp 1. and 
Ts of such a level as about 1.3 -2.5 ^es the rated p ™«™™™ P oi tne m ercury-va P or lamp 1 is o a 60 

^e^c^^^ 

T^VS^r^^Zr^T^ a pho.om.st „ tor a const.ntim. pa o . 



3 



GB2 161 283 A 



3 



semiconductor wafer 2 by setting the opening time of the shutter 4 suitably. In other words, the extent of 
exposure may be controlled by holding the shutter 4 in its opened position while the mercury-vapor 
lamp 1 is lit in Step A in which the power consumption of the mercury-vapor lamp 1 is at the high level. 
Then, after closing the shutter 4, the mercury-vapor lamp 1 is lit in Step B in which its power consump- 
5 tion is at the low level. During Step B, the shutter is kept closed. 5 
The repeated alternation of Step A of the high level and Step B of the low level is carried out in syn- 
chronization with the manner of the stepwise shifting of the semiconductor wafer 2. Namely, as shown in 
' Figure 3, the semiconductor wafer 2 is supposed to be divided into a number of minute sections P ar- 
ranged in rows and columns. These minute sections P are then shifted stepwise one after another suc- 

10 cessively to the exposure position in the exposure system, where they are exposed one after another in 
successively while held briefly at a standstill there. One exposure operation is completed after the open- 
ing and closing action of the shutter 4 while the mercury-vapor lamp 1 is lit in Step A, thereby printing a 
pattern image on one of the minute sections P of the semiconductor wafer 2. The wafer 2 is shifted step- 
wise while thejShutter 4 is closed, so that another minute section P, which is to be exposed next, reaches 

15 the exposure position. Exposure is then repeated in the same manner so as to complete the exposure of 15 
all minute sections P arranged on the semiconductor wafer. 

In the above manner, the mercury-vapor lamp 1 is lit while continuously and repeatedly alternating 
Step A of the high power consumption level and Step B of the low power consumption level. The open- 
ing and closing operation of the shutter 4 and the stepwise shifting position of the semiconductor wafer 

20 2 are controlled in association with Step A and Step B. The time period Ta of each Step A of the high 20 
power consumption level may be set constant, for example within the range of from 100 msec, to 1000 
msec, whereas the time periods Tb of Steps B of the low power consumption level may be the same or 
different and may range for example from 100 msec, to 1000 msec. In order to compensate gradual, re- 
duction of the quantity of light to be radiated along the passage of time in Steps A, Step A is repeated 

25 while increasing the power consumption little by little with the passage of time. The exposure of the 25 
semiconductor wafer is carried out in the above-described manner. 

Here, it should be borne in mind that the manner of the gradual increase of the power consumption in 
the Steps A of the high power consumption level is not necessarily limited to any particular embodiment. 
The power consumption level may vary depending on the inherent characteristics of each mercury-vapor 

30 lamp to be employed. Specifically speaking, a power curve which increases along the passage of time to 30 
compensate gradual reduction of the quantity of light to be radiated with the passage of time is estab- 
lished on the basis of experiences for Steps A. It is possible to use, in accordance with the thus-estab- 
lished power curve, means for controlling the power consumption of the mercury-vapor lamp in Steps A. 
Alternatively, it is also feasible to employ means for measuring by a photosensor the quantity of light 

35 radiated to the semiconductor wafer, and then controlling the power consumption of the mercury-vapor 35 
lamp in each Step A by means of an operation control circuit 3 in accordance with the degree of reduc- 
tion in light quantity relative to the initial light quantity. In some specific embodiments of this invention, 
the time-dependent variation of the power consumption in Steps A may take, macroscopically seen, the 
form of such a linear variation as shown for example in Figure 4. 

40 It is unnecessary to change the power consumption in each of the Steps B of the low energy consump- 40 
tion level, if the power consumption is of a level equal or close to the rated power consumption of the 
mercury-vapor lamp. 

in the practice of the method of this invention, it is possible to use, as the operation control circuit 3 
for the lighting of the mercury-vapor lamp 1, a circuit conventionally known as means for effecting such 

45 power control, as is, or in a partly-modified form. 45 
Figure 5 is a schematic illustration showing one example of a short-arc mercury-vapor lamp 1 to be 
assembled as an exposing light source in an exposure system useful in the practice of one embodiment 
of this invention. In Figure 5, numeral 101 indicates an envelope made of silica glass, which is equipped 
at both end portions thereof with bases 102A, 102B respectively. Designated at numeral 103, 104 are 

50 respectively an anode-supporting stem and cathode-supporting stem. An anode 105 is mounted on the 50 
tip of the anode-supporting stem 103, whereas a cathode 106 is fixedly attached to the tip of the cathode- 
supporting stem 104, The anode 105 and cathode 106 are disposed in a face-to-face relation, centrally, in 
the interior of the envelope 101. As illustrated on the enlarged scale in Figure 6, the anode 105 is formed 
of a base portion 51 having a large diameter column-like shape and a truncated conical tip portion or 

55 frusto-conical tip portion 53 extending frontwardly and inwardly from the base portion 51 and terminat- 55 
ing in a planar tip surface 52. The cathode 106 is formed of a base portion 61 and a cone-like tip portion 
62. 
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An illustrative specification of such a short-arc mercury-vapor lamp 1 is as follow: 
Specification 

Rated power consumption 500 W (50V,10A) 

5 

Anode 105: 

Outer diameter D, of the base portion 51 4.0 mm 

j n Diameter D 2 of the tip surface 52 2.0 mm 10 

Opening angle a of the tip portion 53 90 degrees 

Cathode 106: 

15 15 
Outer diameter D 3 of the base portion 61 2.0 mm 

Interelectrode distance 3.0 mm 

20 Pressure in the envelope while the lamp about 13 atms. 20 

is turned on 

Using a semiconductor wafer exposure system equipped with a mercury-vapor lamp of the above 
structure built in as an exposing fight source, pattern exposure was conducted on a silicon semiconduc- 
25 tor wafer in accordance with the stepwise exposure method while controlling the lighting of the mercury- 25 
vapor lamp under the following conditions. 

Step A 

Time interval Ta: 400 msec. 

30 Power consumption: Increased substantially in a linear pattern, starting at 750 W and upon an elapsed 30 
. time of 600 hours, ending up at 1 KW. 

Step B 

Time interval Tb: 400 msec. 

35 Power consumption: Maintained constant at 500 W. 35 
Under the above conditions, it was possible to achieve the same exposure results as the initial expo- 
sure results even after an elapsed time of 600 hours. 
The method of this invention can bring about the following advantageous effects: 
(1) The mercury-vapor lamp is lit at a low power consumption level while the light radiated from the 
40 mercury-vapor lamp is not used for exposure. It is thus possible to reduce, to a significant extent, the 40 
electricity to be wasted by the mercury-vapor lamp and, at the same time, to avoid possible damage to 
the shutter due to its overheating. In a preferred embodiment, the mercury-vapor lamp may be lit at its 
rated power consumption level in the steps of the low power consumption level, and its power consump- 
tion is increased in the steps of the high power consumption level. Thus, the degree of exposure can be 
45 adjusted as needed or desired. Accordingly, the exposure of semiconductor wafers can be suitably car- 45 
ried out with a small mercury-vapor lamp. As a result, the exposure system does not require too much 
space for its installation, thereby making it possible to lower the cost required for the maintenance of a 
clean room or the like ?n which the exposure system is installed and, consequently, to lower the fabrica- 
tion cost of the semiconductor devices significantly. 
50 (2) The steps of the high power consumption level are repeated while increasing the power consump- 50 
tion of the mercury-vapor lamp little by little during the lit time of the mercury-vapor lamp. The exposure 
of the semiconductor wafer is effected in the steps of such a high power consumption level. Even when 
the light transmittance of the envelope of the mercury-vapor lamp is decreased due to wearing of its 
electrodes and deposition of the.electrode-forming material on the envelole, the reduced quantity of ra- 
55 diated light can be compensated by the increase in the power consumption. It is thus possible to keep 55 
the quantity of light radiated from the mercury-vapor lamp even in later stages of the steps of the high 
power consumption level still at the same level as its initial light quantity level. As a result, semiconduc- 
tor wafers may be expos d with a stable quantity level of radiated light over a long period of time. 
(3) The control of the degree of exposure is eff cted by means of a shutter. Since the time-depend nt 
60 reduction of the quantity of light to be radiated from the mercury-vapor lamp is compensated, as men- 60 
tioned above, by increasing the power consumption of the mercury-vapor lamp along the passage of 
time in Steps A f the high power consumption level, the opening and closing control of the shutter may 
be kept constant. Therefore, it is unnecessary to make such a difficult control as changing the opening 
time of the shutter by a very short period of time. Hence, the exposure can be repeated at a high speed 
65 and also stably. 65 
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Having now fully described the invention, it will be apparent to one of ordinary skill in the art that 
many changes and modifications can be made thereto without departing from the spirit or scope of the 
invention as set forth herein. 

5 CLAIMS • 5 

1. A method for exposing, through a pattern mask, successive small sections of a semiconductor 
wafer to light radiated from a mercury-vapor lamp in high-level steps, during each of which steps the 
power consumption of the mercury-vapor lamp is at a high level, by continuously lighting the mercury- 

10 vapor lamp and repeatedly alternating the high-level steps with low-level steps during which the power 10 
consumption of the mercury-vapor lamp-is at a low level, characterised in that the high-level steps are 
repeated while gradually increasing the power consumption of the mercury-vapor lamp with the passage 
of the lit time of the mercury-vapor lamp so as to compensate gradual reduction of the quantity of light 
radiated by the mercury-vapor lamp, 

15 2. A method as claimed in Claim 1, wherein a shutter is opened and then closed only once during the 15 
period of each of said high-level steps so as to expose the corresponding one of the small sections of the 
semiconductor wafer at an exposure position. 

3. A method as claimed in Claim 2, wherein the opening time period of the shutter in each of said 
high-level steps is constant. 

20 4. A method as claimed in Claim 2 or Claim 3, wherein the opening time period of said shutter is 20 
from 100 msec, to 1000 msec. 

5. A method as claimed in any of Claims 2 to 4, wherein said semiconductor wafer is shifted stepwise 
to place the next small section at the exposure position while said shutter is closed. 

6. A method as claimed in any of Claims 2 to 5, wherein said shutter is closed for a time period of 

25 from 100 msec, to 1000 msec. 25 

7. A method as claimed in any preceding Claim, wherein the level of the power consumption in each 
of said low-level steps is substantially equal to the rated power consumption of the mercury-vapor lamp, 
and the level of the power consumption in each of said high-level steps is from 1.3 to 2.5 times the rated 
power consumption of the mercury-vapor lamp. 

30 8. A method for exposing semiconductor wafers to a mercury-vapor lamp, substantially as hereinbe- 30 
fore described with reference to the accompanying drawings. 

9. Semiconductor wafers, whenever produced by a process including an exposure method according 
to any preceding Claim. 

10. The features herein described, or their equivalents, in any patentably novel selection. 
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